
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB NO. 0704-0188 

Public Reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering 
and maintaining the data needed, and completing and reviewing the collection of information. Send comment regarding this burden estimates or any other aspect of this collection of 
information, including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for information Operations and Reports, 1215 Jefferson Davis Highway, Suite 
1204, Arlington, VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project (0704-0188,) Washington, DC 20503. 
1. AGENCY USE ONLY (Leave Blank) 2. REPORT DATE 02/15/01 3. REPORT TYPE AND DATES COVERED 

4. TITLE AND SUBTITLE 
A genetic approach to the identification of plant genes involved in viral movement 

6. AUTHOR(S) 
Donna M. Cookmeyer & Steven A. Lommel 20010409 129 
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
North Carolina State University 
Raleigh NC, 27695 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDREi 

U. S. Army Research Office 
P.O. Box 12211 
Research Triangle Park, NC 27709-2211 

8. PERFORMING ORGANIZATION 
REPORT NUMBER   FAS No: 547582 

ONSORING / MONITORING 
ENCY REPORT NUMBER 

Ato3(oU5.l-US-5ft 

11. SUPPLEMENTARY NOTES 

The views, opinions and/or findings contained in this report are thfese^qf the author(s) and should not be construed as an official 
Department of the Army position, policy or decision, unless so designated b\ other documentation. 

12 a. DISTRIBUTION / AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

12 b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 words) 

Plant viruses encode a movement protein that is required for movement and systemic infection of host plants. We propose a genetic 
approach to identifying host proteins involved in plant viral movement. We are using as a model red clover necrotic mosaic virus 
(RCNMV) which infects, but does not kill Arabidopsis.. We plan to create two transgenic plant lines of Arabidopsis, one that expresses 
the firefly luciferase (Luc) gene, and one that expresses the codA (cytosine deaminase, CD) gene. Both genes will be under the 
transcriptional control of the RCNMV subgenomic promoter. We will identify transgenic plant lines that express Luc or CD upon 
infection with RCNMV. Phenotypically these lines will either be luminescent (Luc) or sensitive to 5-fluorouracil (5FU) (CD) when 
infected with RCNMV. A library of EMS mutants will be generated for Luc- and CD-expressing plant lines. Plantlets from the 
mutagenized Luc-expressing lines will be infected with RCNMV and screened for the loss of luminescence. Plantlets from the 
mutagenized CD-expressing lines will be infected with RCNMV and selected for resistance to 5FU. Surviving mutants will be examined 
for the presence of RCNMV in the inoculated and upper leaves. Mutants that are unable to support RCNMV infection will be selfed and 
their progeny tested as described above. The mutated gene in each of these lines will then be cloned and sequenced. 

14. SUBJECT TERMS 15. NUMBER OF PAGES 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OR REPORT 

UNCLASSIFIED 

18. SECURITY CLASSIFICATION 
ON THIS PAGE 

UNCLASSIFIED 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

UNCLASSIFIED 

20. LIMITATION OF ABSTRACT 

UL 
NSN 7540-01-280-5500 Standard Form 298 (Rev.2-89) 

Prescribed by ANSI Std. 239-18 
298-102 



MASTER COPY:   PLEASE KEEP THIS "MEMORANDUM ORTRANSMITTAL" BLANK FOR REPRODUCTION PURPOSES. WHEN 
REPORTS ARE GENERATED UNDER THE ARO SPONSORSHIP, FORWARD A COMPLETED COPY OF THIS FORM WITH EACH 
REPORT SHIPMENT TO THE ARO. THIS WILL ASSURE PROPER IDENTIFICATION.    NOT TO BE USED FOR INTERIM 
PROGRESS REPORTS: SEE PAGE 2 FOR INTERIM PROGRESS REPORT INSTRUCTIONS. 

MEMORANDUM OF TRANSMITTAL 

U.S. Army Research Office 
ATTN: AMSRL-RO-BI (TR) 
P.O.Box 12211 
Research Triangle Park, NC 27709-2211 

l~l Reprint (Orig + 2 copies) 

I   I Manuscript (1 copy) 

l~l Technical Report (Orig + 2 copies) 

|_1 Final Progress Report (Orig + 2 copies) 

l~l Related Materials, Abstracts, Theses (1 copy) 

CONTRACT/GRANT NUMBER:   Agreement Number: DAAH04-93-D-0003-1, Project Number: P-36623LS 

REPORT TITLE: A genetic approach to the identification of plant genes involved in viral movement 

is forwarded for your information. 

SUBMITTED FOR PUBLICATION TO (applicable only if report is manuscript): 

9W\^ 

Sincerely, 

Steven A. Lommel 
Professor of Plant Pathology and Genetics 
Department of Plant Pathology 
Box 7616 
North Carolina State University 
Raleigh, NC 27695-7616 

Tel: (919) 515-6990 
e-mail: steve_Lommel@ncsu.edu 



REPORT DOCUMENTATION PAGE (SF298) 
(Continuation Sheet) 

A Genetic Approach to the Identification of Plant Genes 
Involved in Viral Movement 

The mechanism(s) that plant viruses employ to move from infected cells into neighboring 
uninfected cells is poorly understood. Plant viruses, unlike animal viruses, must traverse a non-living 
cellulose wall surrounding each plant cell to move from one cell to the next, making receptor- 
mediated endocytosis and cellular fusion, as observed in animal virus infections, impossible. Most 
plant viruses encode one or more movement proteins that are required for cell to cell movement and 
systemic infection of host plants (Carrington et al., 1996). Several of these movement proteins have 
been extensively characterized and this has enabled certain functions to be associated with viral 
movement such as nucleic acid binding, enlargement of the plasmodesmatal channels between cells, 
and movement of nucleic acids from cell to cell (Lucas and Gilbertson, 1994). However, this 
information has shed little light on how movement proteins facilitate the spread of virus during 
infection. Specifically, several important questions remain: How does the movement protein modify 
plasmodesmata? By what means does it transfer the viral genome through the plasmodesmata? Do 
plant viruses usurp any host functions to achieve viral movement? In the short term we aim to 
develop a better understanding of how plant viruses cause disease and interact with host intercellular 
macromolecular trafficking infrastructure. In the long term, our goals are to use this information to 
develop novel control strategies for viral disease in general and to manipulate macromolecular traffic 
between plant cells. 

To this end, we have undertaken a genetic approach to identifying host proteins involved in 
plant viral movement, both cell to cell and long distance. This genetic approach complements 
biochemical and molecular experiments also underway in our laboratory. We are using as a model 
the movement protein (MP) of the well-characterized red clover necrotic mosaic virus (RCNMV), a 32 
nm icosahedral, single-stranded, positive sense RNA virus. RCNMV does not infect Arabidopsis 
thaliana, but its MP can facilitate the movement of a reporter virus that does infect Arabidopsis. 

Originally, we proposed a screen of mutagenized Arabidopsis for mutant plants that were 
resistant to RCNMV infection based on the transgenic plant lines expressing reporter genes under the 
transcriptional control of the RCNMV subgenomic promoter. However, recent work indicates that the 
RCNMV subgenomic promoter is only effective in its native viral context. Therefore, a modification of 
our original proposal is being employed. This modification has the additional advantage of not 
requiring the generation of transgenic plants, thereby potentially accelerating our search for plant 
mutants affecting RCNMV infection. The modifications make adjustments in two aspects of the 
originally proposed work, the virus delivery system and the reporter system. Due to its potential for 
efficient delivery of high virus titers to the host plant (Callaway et al., 1996), an agroinoculation 
system was developed. Since last year's report, concerns about potential problems with 
agroinoculation of this RNA virus have been allayed. We have demonstrated that both RCNMV and 
our reporter virus (turnip vein-clearing tobamovirus or TVCV) are efficiently delivered to host plants. 

The second alteration is the choice of reporter. We have considered that in our susceptibility 
screen it may be that suboptimal interactions of mutant viral MP with supressor-mutant plant factors, 
will result in low viral titers. In order to detect even low amounts of virus in whole, living suppressor 
plants in a background of uninfected plants, a highly amplified vital reporter system is desirable. 



Therefore, we are developing a movement-deficient form of an Arabidopsis-adapted virus expressing 
the green fluorescent protein (GFP) (Chiu et al., 1996) which we call a "reporter virus". 

In the last year, we screened several viruses for the following essential features. The wild-type 
progenitor of the reporter virus should, of course, infect Arabidopsis. The functions of its gene 
products should be relatively well defined. Its genome should be flexible enough to allow the 
necessary molecular manipulations to a) make it dependent on RCNMV's (or another virus') MP for 
movement and b) insert a reporter gene (e.g. GFP) without disruption of native viral gene functions. 
Expression of the reporter should be stable enough to permit evaluation of viral infections throughout 
the entire life of an Arabidopsis plant. The movement of a MP-minus version of this reporter virus 
should be complemented in trans or in eis by the virus of interest (e.g. RCNMV). Turnip vein-clearing 
tobamovirus (TVCV) (Lartey et al., 1993) is the leading candidate for our reporter virus. In the last 
year, we have shown that it satisfies all of these criteria, except one. We have not yet tested a 
completed reporter virus construct designed to systemically infect Arabidopsis while stably expressing 
GFP to high levels. This construct and other reporter designs towards the same goal are being 
currently tested and are the only significant remaining barrier to our planned genetic screens for host 
factors involved in viral movement. 

In summary, the overall scheme for isolation of plant mutants influencing the infection process 
of RCNMV in Arabidopsis involves two sets of screens of mutagenized Arabidopsis plants, one 
screen for plants resistant to infection by reporter virus bearing wild-type RCNMV MP (RVGFF7 
wtMPRC     ) and the other screen to look for plant suppressor mutants (Callaway 1998) that allow 
infection of reporter virus bearing movement-impaired RCNMV MPs available in the laboratory and 
described previously (Giesman-Cookmeyer and Lommel, 1993; Wang et al., 1998}. In the first 
screen, M2 mutagenized Arabidopsis plats will be inoculated with RV    / wtMPRCN    and plants that 
fail to fluoresce under 488 nm excitation will be further analyzed as candidate mutant plants resistant 
to movement of the RCNMV chimera. In the second screen, M2 mutagenized plants will be 
inoculated with RVGFf7 mutant-MPRCNMV. In this case, plants that fluoresce upon excitation with 488 
nm light will be identified as candidate host mutants affecting RCNMV movement. 

This past year we have expanded the project to engineer RCNMV to be able to move in 
Arabidopsis. To this end we have constructed a chimeric virus that requires RCNMV's MP to move, 
but otherwise is an Arabidopsis-infecting virus. The virus we are using is tobacco rattle tobravirus 
(TRV). TRV-based chimeras were constructed with no MP (negative movement control) and with the 
RCNMV-MP and inoculated onto N. benthamiana. The same RNA2 in all cases was used and it was 
the source of red-shifted GFP. Infection was difficult to see even in the wild-type TRV RNA1 positive 
control. Green fluorescent foci were seen under the microscope only in the wt TRV positive control. 
A few single-cell green fluorescent cells were observed with the TRV/ RCNMV MP chimera. 
Fluorescence faded rapidly in previous inoculations of the TRV wt control. Possibility that the eGFP 
used does not work as well in plants as the sGFP used in other (non-TRV-based) constructs. In a 
second approach we are modifying a known Arabidopsis-infecting virus so that it has suitable 
properties for the genetic screen. A mutation has been introduced in the MP of TVCV, a tobamovirus 
that infects Arabidopsis, based on analogous mutations of TMV's MP made in Roger Beachy's 
laboratory. This mutant virus infects N. benthamiana about as rapidly as wt TVCV, but without any of 
the usual necrosis (three independent inoculations). No visible symptoms are observed on 
Arabidopsis (one inoculation to date). RNA has been extracted and viral cDNA made from non- 
inoculated leaves of both hosts. A GFP-expressing version of this mutant virus is being made-1 am 
screening colonies this week. We must know verify presence of introduced mutation in systemic 
tissue of infected N. benthamiana and inoculated Arabidopsis. Finish cloning GFP-version and 
inoculate plants. 

As a backstop measure to these approaches we are also characterizing a crucifer-infecting 
sobemovirus: Turnip rosette (TRoV). To this end we are constructed an infectious clone of the virus. 
Previous T7 and 35S (Agro-delivered) "infectious" clones have not been successful. The presence of 
an additional nucleotide (compared to previous clones) at the 5' end of the viral genome has been 
observed in 2 independent 5'-RACE clones. T7 transcripts incorporating the new sequence 



information have been made and inoculated onto Arabidopsis. Equivalent agroinoculation clone is 
being constructed. 
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